Subordination is designed to provide credit risk protection for senior CMBS tranches by allocating the initial credit losses to the more junior tranches. Subordination level should in theory reflect the underlying credit risk of the CMBS pool. In this paper, we test the hypothesis that subordination is purely about credit risk as intended. We find a very weak relation between subordination levels and both the ex post and ex ante measures of credit risk, rejecting our null-hypothesis. Alternatively, we find that subordination levels were driven by non-credit risk factors, including supply and demand factors, deal complexity, issuer incentive and a general time trend. We conclude that contrary to the traditional view, the subordination level is not just a function of credit risk. Instead it also reflects the market need of a certain deal structure and is influenced by the balance of power among issuers, CRAs and investors.
Introduction
Structured finance products, such as CMBS, offer investors the advantages of a seniorsubordinated debt structure where cash flows from underlying commercial mortgage pool are allocated to various tranches of securities (bonds) according to predetermined rules. Typically, repayments of principal are distributed first to the senior tranches while losses due to default are allocated first to the subordinated tranches. This allows investors to buy the portion of the pool that provides the optimal combination of risk and return, with investors buying senior tranches expect to be well protected from credit risks while those holding subordinated tranches expect higher yield (An and Vandell 2013) .
Subordination levels, defined as the proportion of principal outstanding of the junior tranches who will absorb the initial credit losses, determine how much credit support the deal structure provides the senior tranches. In a CMBS issuance, the issuer needs to provide a clear signal to investors that the subordination of a certain tranche is enough to insulate them from a certain level of credit risk. 1 CMBS issuers contract with credit rating agencies (CRAs) to determine the subordination levels required for each tranche in a given deal to achieve a certain credit rating, ranging from triple A (AAA) to single C. 2 From this perspective, we can easily see that subordination should be a straightforward function of credit risk. The subordination level by design should reflect the underlying credit risk of the CMBS poolthe higher the credit risk in a given pool, the higher the subordination level a tranche of a given credit quality should have.
During the recent financial crisis the spread of AAA CMBS bonds soared to over 200 bps during 2008, due in part to worries about insufficient subordination protection. Subsequently, there have been heated debates on whether the CRAs had inappropriate credit ratings and subordination design (see, e.g., Griffin and Tang 2012; Bolton et al. 2012; Cohen and Manuszak 2013) . The issuer of a CMBS deal has the incentive to increase their returns by maximizing the number of senior bonds produced by the deal by providing the minimum level of subordination required to receive a AAA rating. As the CRAs are paid by the issuers and not the investors, the argument is that CRAs' rating decisions become aligned over time with the issuers incentives, resulting in lower subordination and inflated ratings As a result the subordination level is a function not just of credit risk, but also of the balance of power among issuers, CRAs and investors.
In this paper, we follow these two lines of thoughts to empirically investigate the determinants of subordination. Our null hypothesis is that subordination is as intended a simple function of credit risk. Our alternative hypothesis is that subordination levels were driven by non-credit risk factors, including the ones that reflect the balance of power among issuers, the CRAs and investors. Our results in this paper lead us to reject the null hypothesis. We only find a very weak relation between subordination levels and both the ex post and ex ante measures of credit risk. Alternatively, we find that a number of non-credit risk factors do drive subordination levels.
Our test of the null hypothesis relies on predictive regressions. The rationale is as follows: if subordination is purely about credit risk, then subordination levels should predict credit risk of the CMBS pool, and the relationship should be positive.
We first regress the realized cumulative default loss of each CMBS deal on the subordination levels of its AAA and BBB tranches. 3 Interestingly, we find no significant relation between AAA subordination level and ex post default loss. For BBB tranches, there is only a weak relation between subordination level and ex post default loss in the post-2004 sample, as reflected by the marginal significance of the coefficient. The extremely low model fit in both the AAA and BBB regression also demonstrates that there lacks a close relation between subordination level and ex post default loss as we would expect. One may argue that this lack of close relation between subordination level and ex post default loss is due to the extreme difficulty for anyone to predict CMBS default loss. We show this is not the case: we find a very simple default loss model based on a few underwriting variables dominates subordination levels in predicting tranche default loss, no matter whether the tranche is AAA or BBB.
Proceeding to the ex ante measures of credit risk, we use a state-of-the-art loan level default risk hazard model to generate predicted default losses forecasted only with the information available at the time the deal was rated. This gives us a forward-looking estimate of tranche credit risk. We then regress the predicted default losses on the subordination levels. For either AAA or BBB tranches, there is not a significant relationship between subordination level and predicted default loss prior to 2004. There is a positive relationship between subordination level and predicted default loss since 2004. However, again, the model fits are very low (R-square 3 % in the AAA regression and less than 1 % in the BBB regression), indicating a lack of close relation between subordination level and predicted default loss.
Based on the aforementioned evidence, we reject our null hypothesis. Next we proceed to test our alternative hypothesis, that some non-credit risk factors have driven subordination levels. The non-credit risk factors tested include those related to the conflict of interest of the CRAs, those related to information asymmetry between CMBS issuers and the CRAs/investors, those related to the supply and demand of CMBS bonds, and a general time trend.
We confirm the importance of a number of non-credit risk factors in the next set of regression analysis. For example, we find that lagged credit spread slope, a potential barometer of relative popularity of different CMBS tranches, significantly affects subordination level. When the credit spread curve is steep, meaning that it is more profitable for issuers to carve out more senior tranches, AAA subordination levels decline. Similarly, we find that lagged average selling price of BBB tranches has a negative impact on subordination level.
Demand for CMBS tranches also affects subordination levels. For example, CDO issuance volume has a negative impact on both AAA and BBB subordination levels. This can be explained by a classical demand side effectto meet the increased demand for additional CMBS bonds to incorporate in CDOs that were popular in the capital market, issuance of CMBS bonds with low credit quality (low subordination protection) were increasing and the check-balance of CMBS bond quality diminished.
We also find deal complexity, measured by the number of tranches in a CMBS deal, has a negative impact on subordination levels. More complex CMBS deals have lower subordination levels. This echoes findings by Ghent et al. (2013) in the subprime ABS market and supports the notion that CMBS issuers take advantage of their informational advantage and use complex deals as devices to disguise investors and seek rent.
We further find that when CMBS issuers retain residual pieces (B-piece) of a CMBS issuance, the subordination levels of both AAA and BBB tranches are lower. This is consistent with an information asymmetry and adverse selection hypothesis: CMBS issuers choose to retain the residual pieces when the credit quality of the CMBS pool is high.
Finally, we find a strong time trend in subordination levels. The CRAs assign smaller and smaller subordination levels to CMBS bonds as the CMBS market develops. Further research is needed to identify whether this time trend reflects increased optimism among the CRAs or an increase in the negotiating power among the issuers.
Findings in this paper contribute to the heated debate on the efficacy of CRA credit ratings (see, e.g. Riddiough and Zhu 2009; Sangiorgi and Spatt 2011; Bolton et al. 2012; Bongaerts et al. 2012; Stanton and Wallace 2012) . It also contributes to our understanding of how the structured finance products are designed (see, e.g., He et al. 2012; Furfine 2012; Ghent et al. 2013) . The evidence presented in this paper shows that, in addition to credit risk, there are other market forces that affect subordination levels. Contrary to the traditional view, the subordination level is not simply a function of credit risk. Instead, it may also reflect the market demand for a given deal structure. This latter view is consistent with the view that clientele effect plays an important role in financial product design (see, e.g., Van Horne 1985) .
The rest of the paper is organized as follows: section 2 briefly summarizes the mechanism of CMBS structuring and subordination in order to set up the stage; section 3 describes our data; sections 4 explains our predictive regressions to test the null hypothesis; section 5 explains our identification of non-credit risk determinants of subordination levels; concluding remarks are in a final section.
CMBS Product Design and Subordination

CMBS Structure
Commercial mortgage-backed security (CMBS) issuers create CMBS by pooling commercial mortgages and carving out tranches (bonds) out of the commercial mortgage pool. CMBS is an example of a structured finance product where assets are pooled and tranched. A number of studies have shown that this pooling and tranching mechanism helps mitigate market imperfections and creates value (Riddiough 1997, DeMarzo and Duffie 1999; Titman et al. 2004; DeMarzo 2005; Gaur et al. 2005) . Intuitively, the pooling and tranching process enhances liquidity, diversification and risk management. By selling relatively "standard" and low-risk CMBS bonds (cash flows) rather than heterogeneous loans, the process greatly enlarges the investor base and facilitates capital flow in commercial mortgage market. The CMBS market can also provide a diversification effect for investors by pooling together a large number of loans. Finally, several entities with special expertise, such as commercial mortgage underwriters, CMBS issuers, master servicers, special servicers and rating agencies are involved in the process to help achieve better risk management.
A typical CMBS is formed when an issuer deposits commercial mortgage loans into a trust. 4 The proceeds from these loans are then used to service the coupon payments for a set of tranches in a senior-subordinate debt structure. The "waterfall" of payments are structured so that any return of principal generated by amortization, prepayment and default is allocated to the most senior tranche first while any losses that arise from a loan default is charged against the principal balance of the lowest-rated tranche that is outstanding (first loss piece). It is only after a tranche has had its entire outstanding balance either repaid due to returns on principal or written off due to allocated losses that the repayment of principal are re-directed to the next most senior tranche and the allocation of losses are re-directed to the next most junior tranche. 5 Any interest received from outstanding principal is paid to all tranches. 6 The issuer then provides information on these loans to credit rating agencies (CRAs), and CRAs define the level of credit support, given the characteristics of the loans and the properties that collateralize the loans in the pool, that would be required for a tranche to receive a given credit rating under the senior-subordinated debt structure. The tranches may have varying credit ratings from AAA, AA (senior tranche), to BB, B (subordinated) and to unrated (first loss). 7 Investors in subordinated tranches can get a as high as 500 bps spread over comparable maturity treasuries (depending on market conditions), while those who invest in AAA tranches get much lower spread as they benefit from the credit support provided by the subordinated tranches.
Subordination
For each CMBS tranche, subordination level is defined as the proportion of principal outstanding of the junior tranches. It reflects "credit support" of that tranche. The credit rating agencies (CRAs) determine subordination levels required for a tranche to earn a given rating at deal cutoff, such as AAA, AA, A, BBB, etc., 8, 9 This decision determines how much an given deal can be issued at each rating, i.e. what proportion of the deal will be AAA rated versus less than AAA rated. In most cases, this debt structure is the final deal structure accepted by the issuer and provided to the investors. However, in case the issuer is not satisfied with the deal structure designed by the CRAs, he (she) may choose to remove certain loans from the pool and ask the CRAs to reevaluate the structure. Usually two or more CRAs are invited to CMBS rating and the proposingrevision process for subordination goes recursively. Once the deal structure is finalized, the CRAs provide their credit risk assessmentbond ratings for each CMBS tranche. CMBS investors typically rely on the ratings provided by the CRAs as a signal regarding the risk associated with each tranche, though these ratings are also important to investors subject to regulatory capital standards tied to credit ratings. 10 In assessing subordination, the CRAs gather CMBS deal and underlying loan information and use models to estimate subordination levels needed for each CMBS deal. In fact, each CRA has its own internal model. However, the general framework is approximately the same. The CRAs perform typically three levels of analysis. First, the CRAs review the information provided on the underlying collateral of the loans that were provided by the commercial mortgage loan underwriters' cash flow report. They adjust property's net operating income (NOI) based on their own judgments of whether the number in underwriting report is sustainable given the current market condition and deduct capital items such as capital reserves, tenant improvement and leasing commissions to form the so called net-cash flow (NCF). 11 The CRAs then calculate property value using their own capitalization rates, which could be different from the current market capitalization rate. 12 The CRAs may also calculate their "stressed" LTV and DSCR for each loan and feed their stressed LTVs and DSCRs into a loss matrix to form the basic credit support assessments. Second, the CRAs move to loan level analysis, examining borrower quality, amortization, cash management, cross-and overcollateralization to make adjustment to their basic credit support assessments. After doing this, the CRAs aggregate their analysis into the pool level and assign subordination to each proposed CMBS tranches. 13 Third, the rating agencies perform portfolio level analysis, which examines pool diversity (or concentration), information quality, legal and structural issues, any external credit enhancement and makes final adjustment to subordination levels for each CMBS tranche.
Data
Our data on CMBS deals come from CMAlert. CMAlert monitors CMBS issuance worldwide, and thus it provides issuance (cutoff) information about each CMBS deal. 14 10 CRAs also provide surveillance services, i.e., they monitor each CMBS bond after its issuance, and like in corporate bond market, they upgrade and downgrade some bonds according to the change in the CMBS pool performance. 11 CRAs usually apply "haircuts" to loan underwriting NOI. 12 For example, Moody's uses a stabilized cap rate to try to achieve a "through-the-cycle" property value. 13 Although rating agencies perform property and loan analysis mainly on individual basis, they sometimes only review a random sample (40-60 %) of the loans when number of mortgages in the pool is large, the pool was originated with uniform underwriting standards and the distribution of the loan balance is not widely skewed. 14 CMAlert does not provide on-time CMBS performance data.
The CMAlert data are at both the deal and tranche (bond) levels. At the deal level, CMAlert reports CMBS deal issuance (closing) date, deal name (name of the trust), total deal amount, denominator (US dollar or other foreign currency), region of distribution, type of deal (conduit, portfolio, fusion, etc.), offering type (rule 144A, private placement, SEC-registered, etc.), names of the issuer, trustee, book runner, seller, master servicer and special servicer, weighted average coupon (WAC), weighted average maturity (WAM), total number of loans and properties underlying the pool, weighted average loan-to-value (LTV) ratio, weighted average debt-service coverage ratio (DSCR), composition of loan types (e.g. percentage of office loans, percentage of hotel loans, etc.), the main location (state) of underlying loans, etc.
At the tranche (bond) level, CMAlert provides information on the name of the tranche, the issuance amount, denominator, ratings (name of the credit rating agencies and ratings assigned by the corresponding CRAs), subordination level, coupon, interest rate benchmark, spread, maturity date, expected life, selling price, etc. The tranche data is linked to the deal data through a unique deal ID for each CMBS deal.
In this paper, we focus on CMBS deals issued and sold within the U.S. Over $1 trillion of CMBS was issued from 1999 to 2012, accounting for about a quarter of all U.S. commercial real estate (CRE) lending. The total number of deals is 902, and there are a total of 15,208 tranches contained in these CMBS deals. 15 Among the CMBS tranches, 4,676 are rated AAA, 1,592 are rated AA, 1,844 are A, 2,988 are BBB, 1,681 are BB, and 1,506 are B. There are also 53 CCC, 48 tranches with junk ratings and 820 unrated tranches. We report the number of CMBS deals and the total issuance amount in each year in Table 1 . We also show the average number of tranches in those CMBS deals by cutoff year. As we can see as the overall activity in the market, measured both 15 We exclude government agency deals and deals backed by commercial real estate leases. by the number and the size of deals we also saw the complexity of the deals increase, with the average number of tranches per deal peaking at 25 in 2007. Table 2 contains descriptive statistics of the CMBS deals in our sample. The deals on average were backed by approximately 120 loans, which were in turn backed by 150 properties. Office (35 %) and retail (38 %) accounted for the most common property types, The five largest loans accounted for 44 % of the balance of the average deal and the weighted average LTV is 63 %. We find that for 38 % of the deals the master servicer has chosen itself as the special servicer. The average subordination level is about 20 percent for AAA tranches and about 5 percent for the BBB tranches (Table 3) . The average spread at origination is about 66 basis points for AAA tranches and 230 basis points for the BBB tranches. The average subordination levels of the AAA and BBB tranches by cohort (cutoff year) are plotted in Fig. 1 . We observe a clear downward pattern in both AAA and BBB subordination levels from 1999 to 2007.
Each CMBS deal is backed by commercial mortgage loans that provide financing for established income-generating properties (multifamily, office, retail, industrial, 16 and deals that contain loans from a single borrower (single-borrower deals). CMBS loans generally have a principal balance between $2 million and $15 million; and they usually have a 30-year amortization term with a balloon payment due within 5 to 10 years (interest-only loans became more prevalent by 2006 and 2007) . Individual mortgages are usually non-recourse; and, in the event of default, the mortgage is turned over to a CMBS special servicer for workout with the borrower or liquidation. As discussed previously, there is virtually no prepayment risk associated with mortgages that back a CMBS: borrowers that wish to pre-pay are typically constrained to do so through some form of prepayment constraint such as lock-out, prepayment penalty, yield maintenance and defeasance. 17 Our data on CMBS loans is from Morningstar's subsidiary Realpoint. For each loan, Realpoint provides detailed information such as the name of the CMBS deal that the loan is from, loan origination date, original amount, LTV, DSCR, lender, and collateral information including property type, location, etc. In addition, Realpoint monitors the status of each loan so that we can identify whether a CMBS loan is defaulted, prepaid, matured, or current in each month.
We match the Realpoint loan data with the CMAlert deal data through deal information to identify loans underlying each CMBS deal. 18 16 Fusion deals usually contain a single large loan combined with a number of smaller loans. They are designed to provide a diversification benefit to offset the concentration risk represented by the large loan. 17 For example, defeasance, the more popular form of prepayment constraint in recent years, requires the borrower to deposit treasuries into the trust that mimic the terms of the underlying mortgage in order to prepay the loan. 18 Since the deal IDs from the two databases do not match, we have to manually build a crosswalk between the two databases based on deal issuance information. We lose quite a number of observations during the process of this match due to a combination of differences in coverage between CMAlert and Morningstar and difficulties in establishing matches between deals in both datasets. However, we find no statistical significant difference between the matched sample and the raw sample in many dimensions such as the size, the weighted LTV, subordination, loss rate, etc. So, we are not concerned with sample selection issues. We report summary statistics of the CMBS loans in Table 4 . While we only identify loans of a subset of the CMAlert CMBS deals, the sample we are working with is largely similar to the original CMAlert data in composition. It also includes important contemporaneous loan level variables such as current occupancy rates and current DSCR.
Other data we used in the analysis include: interest rates from the Federal Reserve; commercial property indices from the National Council of Real Estate Investment Fiduciaries (NCREIF), the National Association of Real Estate Investment Trusts (NAREIT) and CBRE; and state level unemployment rates from the Bureau of Labor Statistics (BLS).
Credit Risk and Subordination Level
From CMBS issuers' perspective, a lower subordination for a given rating structure is desirable as it increases the proportion of the deal that can be issued as senior tranches. These are sold by the issuer at a premium while subordinated tranches must be sold at a discount. On the other hand, investors buying senior tranches wills always prefer as much subordination as possible to protect them from default risk of the CMBS pool. Therefore, the optimal subordination design requires a fair coverage of CMBS credit risk. In other words, if a CMBS pool contains higher default risk, then higher subordination level should be provided to its senior tranches. In order to test the positive relation between subordination level and credit risk, we conduct the following predictive regression analysis 19 :
Measuring the credit risk of a CMBS tranche is challenging. We take several different approaches. The first approach we adopt is to look at the realized default loss of each CMBS deal and calculate the cumulative default loss of the deal during the life of each tranche. This ex post measure of credit risk is model independent. We then regress the ex post credit risk of the tranche on tranche subordination level. The regression takes the following form:
Here C i is the ex post credit risk, b i is the tranche subordination level, and yr2004 is a dummy variable indicating that the CMBS is issued after 2003.
Figures 2 and 3 plot the patterns of CMBS AAA and BBB spreads and corporate credits spread, as well as close relationship between the issuance of CMBS and commercial real estate CDO. We therefore include the interaction of b i and yr2004 dummy to account for any structural break in the CMBS market after 2003, given the big changes in the structured finance markets in general and the CMBS market in particular since then. For example, the asset-backed securities (ABS) market (especially the subprime ABS market) has exploded and the collateralized debt obligations (CDO) market has developed rapidly; conduit lending, where commercial mortgage loans are originated for the sole purpose of securitization, has become the dominant source of CMBS loans; and defeasance has become a popular means of prepayment constraint. Finally, the CMBS market saw wide spread use of AAA tranches with different levels of credit support start in 2004. The tranche with the lowest level of credit support that would produce a AAA rating from CRAs was referred to as the junior AAA tranche. Deals also include a senior AAA tranche with levels of credit support, set by the issuer and not the CRAs, as high as 30 percent. Many deals also had a mezzanine tranche with credit support between those of the senior and junior AAA. The development of this tranche structure was part of the increasing complexity of structured finance deals seen during this period. 20 We run the regressions separately for AAA and BBB tranches. For both AAA and BBB tranches we limit our analysis to the tranche with the lowest subordination rate for that given deal that received that particular rating. This allows us to isolate our analysis on the subordination rate chosen by the CRAs, independent of the development of the senior/mezzanine/junior AAA structure. We exclude all the deals issued after 2009 in this set of analysis as not even the shortest maturity AAA tranches issued after 2009 have matured, and thus we cannot calculate the cumulative default loss during the full life of those tranches.
We report the regression results, labeled model 1, in Table 5 . Surprisingly, we see that for AAA tranches, subordination level has no significant relation with ex post credit risk before and after 2004. For BBB tranches, subordination level has a marginally significant positive relation with ex post credit risk only after 2003. The R-Squares show that the model fits are extremely low suggesting that subordination levels do not predict ex post credit risk. The R-Square of the AAA tranches regression is only 0.5 percent and that of the BBB tranches is only 1 percent.
Is the low predicting power of subordination levels due to the unpredictability of ex post credit risk of CMBS tranches? We try to address this question by running some additional regressions on ex post credit risk. We add a few underwriting variables to equation (2) and run the following regression: Here NumProps i represents the number of properties in the CMBS loan collateral, WLTV i represents the weighted LTV of the CMBS deal, Top5Loan i represents the share of the largest 5 loans in the CMBS pool, and LogAmt i represents the log of the tranche dollar amount.
We provide the regression results in Table 6 . Model 2 represents the aforementioned regression (Equation 3). Interestingly, we see that three of the added underwriting variables, weighted LTV, share of the largest 5 loans and log tranche amount are significant in the AAA regression and the model fit is boosted from 0.5 percent to 11 percent. For BBB tranches, weighted LTV, share of the largest 5 loans and log tranche amount also help predict ex post default loss. With these three significant variables, the model fit also increased significantly from 1 percent to nearly 13 percent.
Next, we leave out subordination level from equation (3) and keep only the underwriting variables in the ex post credit risk regression. The regression becomes:
This is model 3 in Table 6 . We can see that those significant underwriting variables in model 2 remain significant, and the model fits only decreased slightly from model 2, which are still significantly higher than those of model 1 where only subordination level is used to predict ex post credit risk.
Taking the regression results in Tables 5 and 6 together, we find that subordination levels of AAA and BBB CMBS tranches do not predict ex post credit risk. Moreover, a very simple regression model that uses only a few underwriting variables available at CMBS issuance (cutoff) does a better job in predicting ex post credit risk.
Considering that subordination levels are determined at CMBS issuance, we seek ex ante measure of credit risk in equation (1). The ex ante credit risk measure we use is the predicted default loss. In order to obtain the predicted default loss of each CMBS tranche, we build default risk models based on loan level data and use those models to predict CMBS default loss.
At the CMBS loan level, a state-of-the art default probability model coupled with loss severity assumptions provide us a tool to predict CMBS loan default loss. The default probability model we estimate is a standard Cox proportional hazard model that is widely used in the mortgage literature (see, e.g. Vandell et al. 1993; Seslen and Wheaton 2010; . The model specification is similar to that in .
We present the maximum likelihood estimates in Table 7 . Contemporaneous DSCR and the contemporaneous occupancy rate are both significant and negatively related to default probability, as we expect. Credit spread and unemployment rate, which are good proxies for overall and local economic environments respectively, are significant and have positive effect on default. For different property types, hotel loans have higher default rates, other things being equal. Loans in Midwest and in Southern part of the country are riskier, while those in Western/Southern Pacific, including California, have lower default risks. Consistent with the existing literature, original LTV is not significant.
We then use the default probability model estimated above to predict conditional default probabilities for each loan over its lifetime. We produce two alternative estimates of the probability of default. For our baseline forecast, we assume both the loan level (current DSCR and current occupancy rate) and the market (term spread, credit spread, and state unemployment rate) remain constant for the life of the loan. For our adverse case we assume that each of these measures worsen significantly over the first 3 years of the loan and then remain flat for the remainder of the loan. 21 Next, we calculate expected losses of each loan over certain horizons based on loss severity assumptions documented in the Appendix Table ( exp ected loss = loan amount×default probabilty×loss given default). Then, we aggregate loan level expected losses into CMBS deal level to form our ex ante credit risk measure. 22 The expected loss rates are reported at different horizons in Table 8 . The average cumulative default loss under the baseline forecast reaches 15.7 percent in the seventh year. It reaches 51.5 percent under the alternative forecast.
Based on these models, we obtain the predicted default loss of each CMBS deal at each point in time, C b l;t . Finally, we run the predictive model of equation (2) by replacing C i by C b l;t , where N is the expected life of the CMBS tranche. So the regression is:
22 A caveat of this aggregation is that we are ignoring default correlations that are due to unobservable common risk factors. However, since we've already included many of the common risk factors in the default hazard model, we don't see the inclusion of such default correlations will change our results materially. We report our regression results in Table 9 . Interestingly, in both the AAA and BBB regressions, subordination level is significant only post-2004. In fact, we notice that subordination level is only marginally significant in the BBB regression. More importantly, as we see from the R-squares of the regressions, neither of these two regressions have much explanatory power in the baseline loss scenario and in the adverse loss scenario, suggesting that the subordination rates are not good predictors of ex ante credit risk. 23 To briefly summarize the findings in this section: we find that subordination levels of AAA and BBB CMBS tranches have a very weak relation with the credit risk of the CMBS tranche, either using the ex post credit risk measure or the ex ante credit risk measures. Therefore, we reject our null hypothesis that subordination is purely about credit risk.
Determinants of Subordination Levels: Credit Risk and Non-Credit Risk Factors
Our empirical analysis in section 4 shows that subordination levels do not have the close relation with credit risk as in our null hypothesis. Then the question is what determines subordination levels. In order to answer this question, we run regressions to identify determinants of subordination levels.
First, we extend the work of An et al. (2008) to regress subordination levels of AAA and BBB tranches of each CMBS deal on identifiable credit risk factors of the CMBS pool, including the weighted LTV, number of properties in the CMBS pool, pool composition in property type, prepayment constraint coverage, etc. We also include 23 We are aware that some CMBS deals may have external credit enhancement but we do not believe that those external credit enhancements explain over 95 percent of the variations in ex ante credit risk. The numbers are in percent. We use the estimated default hazard model in Table 8 to predict the hazard rate in each of the 40 duration quarters for each loan. We then calculate the cumulative loss rates for each loan in the regression some tranche characteristics such as the log amount of the tranche and the expected life of the tranche. The regression takes the following form: 
We present the regression results in Table 10 , model 4. Conforming to the common wisdom, subordination level is significantly related to the weighted LTV of the CMBS deal, which is usually seen as the most important credit risk factor. The expected life of the tranche has a significant and negative impact on subordination level. The share of the largest 5 loans generally has a negative impact on subordination level, which contradicts with the view that concentration is a risk. It is possible that there are offsetting factors considered by the CRAs that are correlated with the aforementioned two factors.
Estimates of other variables are generally conforming to the common wisdom. For example, the percentages of office, hotel and nursing/retirement properties have significant and positive impact on subordination levels, as office, hotel and nursing/ retirement loans usually have higher default risk. Lockout and yield maintenance have positive impact on subordination level, which is also reasonable given that existing literatures find that prepayment constraint increases commercial mortgage loan default risk because borrowers can use default as a strategy to exit the mortgage obligation (see, e.g., Riddiough 2004; . Prepayment penalty and defeasance are believed to give CMBS borrowers reasonable ways to prepay their loans and thus are Next, we test our alternative hypothesis by exploring the impact of a number of noncredit risk factors on subordination levels. We pay special attention to the factors that relate to the conflict of interest of the CRAs, those related to information asymmetry between issuers and CRAs/investors, and those related to the supply and demand of CMBS bonds. We add the following variables to equation (6).
First, existing literature suggests "rating shopping" in the structured finance market, meaning that issuers choose the CRA that provides favorable ratings (see, e.g., Riddiough and Zhu 2009; Bongaerts et al. 2012, Cohen and Manuszak 2013) . To test this hypothesis, we include in our regression a dummy variable for tranches that are rated by more than two of the three major CRAs, Moody's, S&P, and Fitch. The rationale is that regulations require that CMBS be rated by at least two CRAs so if an issuer pays to obtain an additional rating it is likely he/she is not satisfied with the two ratings he/she obtained originally and thus seeks an additional more favorable rating.
Second, we consider the impact of institutional complexity. We include a dummy variable indicating that there are more than one book runners for the CMBS deal. We also include a dummy variable indicating whether the special servicer is the same as the master servicer. Increased institutional complexity can increase the difficulty in the resolution of financial distress while reduced institutional complexity can ease the resolution process and thus reduces default loss.
Third, we include a dummy variable indicating whether the issuer keep some residual pieces of the issuance (securitization program as the beneficiary). Information asymmetry may lead CMBS issuers to avoid being a stakeholder when the credit risk of the issuance if high. The supply and demand of CMBS bonds may affect the structure of a CMBS issuance. Considering the supply-side effect, we include the credit spread slope in our model. The variable is calculated as the difference between the average AAA CMBS spread and the average single B CMBS spread in each quarter. We speculate that as the credit spread slope becomes steeper issuers would like to issue more senior tranches such as AAA and AA tranches. We lag the variable by one quarter to mitigate endogeneity problem. We also include lagged average tranche price as a regressor. When an issuer sees that the price of a certain tranche (e.g. BBB) was low in the last quarter, indicating that investors are less likely to be interested in such tranche, he/she may choose to issue smaller size of such tranche.
Starting from 2003, the collateralized debt obligations (CDO) market developed rapidly, which might have had an impact on the CMBS market. With the development of the CDO market, CMBS tranches can be re-packaged and sold into CDO pools to make CDOs. From this perspective, the CDO market represents a source of demand on CMBS bonds and can induce more issuance of CMBS bonds through reduced subordination. Therefore, we include CDO issuance as a regressor.
We also test the impact of deal complexity on subordination levels. Recent studies including Furfine (2012); Ghent et al. (2013) suggest that mortgage-backed securities issuers have informational advantage over the investors (and potentially the CRAs) and they use complex deals as a device to disguise investors, e.g. to put bad quality loans into complex deals that are hard for investors to analyze, or to negotiate lower subordination levels to bonds in complex deals. We use the number of tranches in a CMBS deal as a proxy of deal complexity.
Finally, we add a time trend to the regression. Sanders (1999) ; Geltner and Miller (2001) document systematic decline in CMBS subordination levels over time. Riddiough (2004) argues that the CRAs follow a "learning by doing" approach in subordination design and they reduce their conservatism when they get familiar with CMBS as the market develops and more and more data become available. Alternatively, the CMBS issuers over time may have gained more and more negotiating power to lower subordination levels in order to carve out more senior tranches out of a deal.
After adding those non-credit risk factors, our subordination regression takes the following form: 
We report our regression results in Table 10 , model 5. Interestingly, we see that securitization program as beneficiary has a significant and negative impact on the subordinations levels of senior AAA, junior AAA and BBB tranches, consistent with the information asymmetry and adverse selection view of issuer's choice in retaining the residual pieces. Lagged credit spread slope has a negative impact on senior CMBS tranches, conforming to our expectationthe steeper the credit spread slope, the more issuance of senior rather than subordinated tranches. Consistent with our conjecture of the impact from the CDO market, commercial real estate CDO issuance has a strong negative impact on AAA and BBB subordination levels demand on CMBS bonds from the CDO market can drive the issuance of those tranches up. Deal complexity, measured by the number of tranches in a CMBS deal has a significant and negative impact on subordination levels, which echoes the findings by Ghent et al. (2013) in the subprime ABS market and supports the notion that issuers could have used complex deals to disguise investors. Finally, we do observe a significant time trend in AAA and BBB subordination levels. Those AAA and BBB CMBS bonds receive lower and lower subordination levels over time.
By looking at the R-Squares, we do see significant improvement in model fits after we introduce those non-credit risk factors in our subordination models. The impacts are strong in both the AAA and the BBB regressions. This finding, together with the aforementioned coefficient estimates suggest that non-credit risk factors play important roles in determining CMBS subordination levels.
Conclusions
Subordination plays an important role in the senior-subordinated structure of securitized transactions. Typically, the structured finance issuer assembles a pool of loans and passes the information of these loans to credit rating agencies (CRAs). The CRAs then work independently to examine how much subordination is needed for the tranches to reach certain ratings, such as AAA, AA, A, BBB, etc. From this perspective, subordination is about credit risk.
The recent crisis in the securitization markets has made the CRAs the subject of intense scrutiny. The CRAs are alleged of poor subordination design and bond rating that give senior CMBS, ABS and CDO bonds insufficient credit risk protection. In this paper, we reject the null hypothesis that subordination is purely about credit risk and find that a number of non-credit risk factors drive subordination levels. Based on these results, we conclude that subordination level is not just about credit risk as traditionally viewed. It also reflects the market need of a certain deal structure and is influenced by the balance of power among issuers, the CRAs and investors. From this perspective, our study shed new light on the mortgage market crisis that is closely related to securitization (see, e.g., Keys et al. 2010) .
The study fills the gap of existing studies and provides important information regarding structured finance vehicles. Rating agencies use their internal models to work with issuers on subordination design. Therefore, little is known to the public (including investors and financial economists) regarding how various credit risk and non-credit risk factors affect subordination. We identify those factors in our analysis. Further, our results show that even within the same credit rating CMBS bonds varies in credit risk. Therefore, investors should pay close attention to how CMBS credit risk impacts different bonds in order to differentiate "good" deals from "bad" deals. 
